Abstract By using steady and transient methods, the total heat fluxes and the distributions of the heat flux were measured experimentally for an argon DC laminar plasma jet impinging normally on a flat plate at atmospheric pressure. Results show that the total heat fluxes measured with a steady method are a little bit higher than those with a transient method. Numerical simulation work was executed to compare with the experimental results.
Introduction
Thermal plasmas of very high-energy intensity can provide special conditions for materials processing.
It can be used to promote the surface capabilities, such as wear resistance, heat resistance and erosion resistance etc. Heat flux, as an important parameter of jet-surface interaction, plays an important role in materials processing and could determine the scope of application of the plasma jet. DC laminar plasma jets with good flow stability were generated at atmospheric pressure with a specially designed torch [l] , and preliminary analysis on the flow field indicates that the low temperature gradient along the jet axis could enhance the controllability of processing on material surface. But so far the systematic research on the flow field of laminar plasma jets and interactions between laminar plasma jets and materials has been seldom done.
In order to reveal the feasibility and advantages of the laminar plasma jet for processing on material 
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the temperature rise and flow rate of the cooling water. By using the equation W = C,QAT the total heat, flux W can be easily obtained, where C, is the heat, capacity of water, Q and AT are the flow rate and the temperature rise of the cooling water respectively. Since the plate receives heat over a large area, the heat flux distribution can not be measured. where b is tjhe length of the slug, p and C, are the density and heat capacity of the slug material, dT is the temperature rise within the time dr. Due to the high thermal conductivity of copper (k=398 W/(m.K)): the low thermal conductivity of ZrOz (k=1.68 W/(m.K)) and the small length of the slug, the measured heat flux distribution could be approximately correspondent to that on the front surface of the plate. The temperature-response curve and the FFT- Plasma Science 8~ Technology, vo1.3, No.5 (2001) in the distance. This fact demonstrates that the jet diameter almost keeps the same along the jet axis. 
Results

Numerical simulation
In order to better understand the flow characteristics of the laminar plasma jet and analyze the possible effects of the laminar plasma jet on the materials surface processing, an Approximate Box Relaxation method [6, 7] was used to simulate the laminar plasma jet flow impinging on the flat plate at atmospheric pressure.
Governing Equations
Basic assumptions used in this study are as follows:
(a) the plasma is in the local thermodynamic equilibrium state; (b) the plasma is optically thin, i.e., only the radiation loss from the plasma is considered; 
Computational domain and boundary conditions
The computational domain is shown in Fig. 4 .
The inside radius of the torch exit AB is Ri=3.3 mm, and AC is 35 mm. The boundary conditions are as follows:
where U, , U, are the axial and radial velocity on the wall surface, and Tw is the temperature of the wall surface.
the axial velocity and temperature profiles at the torch exit section were not measured experimentally and were t,aken to be in the following form 191: 
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Results
Computed radial distributions of the heat flux on the plate surface are plotted in Fig. 5 for the distance between the torch nozzle and the plate sur- & Technology, Vo1.3, No.5 (2001) that the turbulent jet has a short high-temperature region in the axial direction while the laminar jet has a much longer high-temperature region. For materials surface processing, a long high-temperature region could make the processing easily controlled, and it could be the distinguished advantage of the laminar plasma jet. 
